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3. Artikel Revisi 1

Safety Engineering in Adaptive Multimedia
System Design for Emergency Accessibility
Based on WCAG

Marvin Chandra ¥

Dept. of Compa. Eng., Faculty of Smar: Techno. end E:

Absrace—People with  disabilities often face critical
Challenges i accessing timely and comprehensive emergency
alerts, This study presents an sdaptive mulfmedia system
that uses safety engineering principles using Web Content
Accessibility Guidelines (WCAG). Based on WCAG, the
avatem was created o meet visual, auditory, and tactile
ufput  requirement: based on user profiles snd
euvironmentsl conditious. The system inputs are fed through
the Infernet of Things (IoT) and processed by a rule-based
adaptation engize. The emergency adspiive system combines
environmental data, user bealth mulnl input to
zemerate appropriate multimedia alerts (audin, visual, or
Sioration). & profotype was built asng React Taibwind for
the uwser imterface and imtegrated with sewsors for
envirommentsl menitorisg. The system was evaloated in an
emergency scemario for 30 parficipants across visual,
snditory, and coguitive impairment groups. Tke evaluation
Tesnlts showed a high average System Usability Scale (SUS)
scare of 86.2, indicating sccellent ussbility, The averase
Accesibility Coversgs Metric (ACM) scors mer alio

abtained at 0.89, indicating broad sed inclusive modality
support. Bed on the expeiments, he Adapiive Decision
Fusction (ADF) score excesded 0.80 for E
vl vith viration md aadio carpa o o stronz
adaptive performance under various conditions. These
Tesults demonstrate the potential of the system to improve the
inclusiveness of emersency respomse for pecple with
dissbilities

Indsx  Terms—Emergency Alert Systems, Adaptive
Multimedia, Safety Engineering, WCAG 21, Internst of
Things (ToT)

INTRODUCTION

Effective communication dari s
public safety concem, epecially for prople with
disabilities. The incressing complexity of nstural disasters,
fires, tachnological bazards, and human-caused crisss

system. This enhanced communication muust ens
warnings and instructions reach everyons promptly and are
aasily wnderstood, especially for peaple with disbilities.
Current standard smere:

i

impaired wsers during emergencies. WCAG provides a
structured set of recommendations for making Web
content more accessible. WCAG provides guidelines for
altemative text, customizable content, and time-based
mediz,

B Safety Engineering in Accassible Inferface Design

Safety engineering focuses on the reliability of the
system and protecting users when errors or failures occur.
Interface failures in emergency systems can have life
threatening consequences. This is even more so for people
with disabilities who rely en assistive features. Concepts
such as fault folerance, failsafe desin, resilisnce
engineering, and hazard analysis are critical fo interfaces
in multimedia systems [17]. Multimedia systems designed
with szfety m mind should include features such as
redundznt communication paths, error prevention systems,
and real-time feedback systems. Integrating WCAG mto
safety engineering helps ensure successful accessibility in
accordance with the EN 301549 standard for ICT
aceassibility in public servicss. EN 301349 iz 2 European
standard that sets out requirements for access to
Information and Communication Technelogy (ICT)
products and services

Background Resilience enginesring (RE) is a relatively
new perspective on safety in complex adaptive systems
that emphasises the emergence of outcomes from the
complexity of the cli cal envivonment. Complexity
creates the need for adaptability and flexibility to achieve
cuteomes. RE is concerned with exploring the nature of
adaptations, leaming from when things go right, and
improving the capacity to adapt [18]. While thers is good

larity around the philosophy of RE, the progress of
implementing  the concepts for quality
u‘:\pm‘emer( has been slow. This study aims to test the
ibility of using RE concepts in developing practicel
methods fo improve quality in desiening, mplementing

ing interventions underpimed by RE theory.

Fig. 2 shows the resilience engineering concepts [19]
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Fig. 1 Resilience engineering concepts.

C Role of IoT Devices in Emergency Accessibility

Recent advances in Internet of Things (IoT) devices
have supported the desien of adaptive and context-aware
emergency systems [20], [21] Smart sensors embedded in
connected wearable devices (SUEh as smart watches
wvibrating belts) can output.
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. These limitations can lead to confusion,

pm o delayed respansas fox people with disad ilties,
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comt sz b2 undersiandable aud Jespouden to Wi
raquired time frame bassd on the type of emerzency
and 'z medium used 3], Tas includes 2 combinarion of
audio announcemen al alarts, tactile feadback, and
ieracrive Zuidence mechanisms
\h]m:nai\z interfaces that are ihle to integrate ¥i LJzL
exmizl, and imteracive componans
ight solution to ovarcome the pm:]etl of ac:
Zaps in the media used [4]. U 1 medie, edaptiva
multimedia mterfaces adjust to the
disability profile and needs of users. Deafusers canracaiva
visual warnings and sign lanzuzge animations, while usars
with visual imipaimiens can veceive detailed voice pridad
navigation or haptic eqy
Cuantly, assistive ejmo.ug svailsble i public
anviromments still uses limited amergency commumication
on Accessible

: wing shaptive. mafmedia tecEuelo
jon that are beneficial to the pul
p=op e mn.  dizabilitias to provide fair sefery for both (6]

This stuy proposes the development of an sdaptive
multimedia ivterface bassd on safety eninesring
‘principles for various emergeacies. This svstem Combines
Taulti-sensory media outputs @zt are adepted to varons
categories of disabilities. This enswes the delivery of
seliable safety mfomation during emergencies
with dissbilities. The use of Wab Contant Ac
Guidslines (WCAG) accassibility standards with safees
dzsign methodology is examinad in tis smdy to provid

practical model for an inclusive emergency fmrarfaca

em

prodiles and environmental dats (such a noise levels,
smoke, GPS) 'L-

menitoring wearable devices as enabling techmologies for
sustaingble eohancement of L% .
environments [23] These systems are Tedundant in
scenarios with unrelizble intemet or during infrastructare
lures. They must also conform to WCAG to ensure
multimodal comtent remaine accessible, even when
displaved throuzh IoT endpoints.

D. Research Gaps and Opportunities

Although there are many separate studies on multimedia
accessibility and emerzency communi ication, few suggest
2 tangible framework to bring together WCAG, adaptable
interface design, safety engineering principles, and IoT.
There is a critical need fo research multimodal
coordination (for example, udio, visual, and haptic
content must all be in lockstep), user control and
autonomy, and contextual adzptation based on real-time
inpute.

Also, there are very few usability tests that include
participants who are actual users with disabilities in a
simulated emergency scenario. Making accessibility and
emergancy communication inclusive, resilient, and safe
for everyone will need to occwr in these areas m the future.

T METHODOLOGY

This study uses a structured method for designing,
developing, and evaluating an adaptive multimedia svster
to support emergency accessibility. The system was
developed based on safety engineering principles and in
accordance with WCAG. The method combines design
science research (DSR), user-centersd design methods,
and 10T technologies to make the system responsive and
accessible to users in emergency sifuations with various
disabilities and challe:

This study follows a deﬂﬂ'ﬂ science research or DSR.
pazadizm and follows sequential phases. In the exploratory
phass we identified accessibility barriers in emergencies,
specifically for individuals with sensery or cognifive
disabilities. through a literature overview and interviews
A problem space was developed from this information and
2 main objective was identified; fo develop an adaptive

stem capable of dymamically modifying multimedia
(visual, auditory, and haptic cues) outputs described in
user profiles with respect to contextual matters outlined in
research. The system protofype was designed and
developed in compliance to WCAG 2.1 Level AA The
developed system inc orporated multimedia rendering
modules, text-awareness through loT technology.
Upon com it was demonstrated in ulated
emergency scemarios to evaluate if it woud work
appropriately in realistic settings. Evaluation was carried
out through empirical testing with the target users from the
UAS 2018-2020 cohort and expert reviewer testing to
establish  related  usability,  accessibility, and
responsiveness. Lastly results were documented to
ontribute to further research and fufure best practices in
szible emergency system:

The multimedia interface can chan:e based on user

esigning acc
research works

The WCAG is a set of internstions] guidelines for
of weh content to all users,
D!\Elepad\:r the ﬁ'u(]d

acczssible [B]. The WCAG 2.1
‘how to make weh content mo:

ible for persans with
v encompasses may kinds of
uel, gudiary, paysical, spesch,

sed in all types, degress, and ombinstions. Fondl Iy,
idalines that make w Je will also
make it more sable to older el wils ceangiog
g .

eaming divtoiides, ichiding 5 shert dovelopsmast e

feme aad challenze: i resching en agrement om

testability, iplementability, and the intamational aspects
osals. This work will contimuz in fumes

FCAG and mobile devices [1I

bagan with tie goal of i

Pl sulted im te final set =
found in this version [11]. The Working Group belisves
Bt WCAG 21 represents incrememtal progiess i
zuidance on web con assibility for all these areas Tt
Fiteaates that these Zuidonce patiway do not achiens al
user ne

I Loreraruee Beivew

A Multomedia Acce:
The gowinz intersst in multimedis interfaces in

communication systems stemns from the nesd

0 imely, multimodsl informstion to users,

aspecially tnse with disgbilities. 7

a portable smart monitoring

10 prevant semiors from zeming lo:

Emergency Contexts

track e 5
HTTP pmocu] Feeal
tform, ensbling festures such as geofencing. The
.M’EL'BI’S voice recognition for amergancy aler:
des customizable alarms and supports

me-touch 30 call functions. The
also uses an IMUS0] sensor for fall detsction, 3
beart rate sensor, and a temperamre sensor. This integrated
desizn can fmprove wevel safery and amerzency responss
for saniors at home and in public places [12]

The mobile emerzency spplication can combine
synchronized auditory and visual cues along with texnual
dlerts [13] The RESCUER and 305Phone systams are

Fig. 4. System srchitectre

The structure comprises three fndamental layers:

¢ Client interface layer A responsive user mterface
built with React and Tailwind CSS is responsible for
providing multimodal content with embodied touch-
based navigation, audible cues, and visual cues.

o Adaptation engine layer Built in Nodejs, this
middlewars defines context-awareness and user
profiling algorithms to extract appropriate multimedia
formats and navigate and deliver them in real-time,
IoT integration layer: This layer comsists of
envirenmental sensors and wearable devices that
communicste throush MQTTHTIP protocols to
provide comtextual mmation to the adaptation
engin:

The system architecture is composed of three main

components, operating in 2 fullv data-driven pipeline as
shown in 4 t, Internet of Things (IoT) devices,

including various sensors and zctuators, provided more
environmental and physiological data to characterize
emergency conditions. These data are sent to the
adaptation middleware, which acts as the system's decision
engine. The middleware utilized a mules engine and
artificial intelligence models to make meanmg from

designed for inclusive communication through the use of
visual symbols, tactile feedback, and a user-friendly
imterfuce. Todsy's mobile d and wids astwork
coverage have mads amerzency calls accessible almost
amywhers, but still raquite voice commumication. This
presen: challenzes for people with disebilities, such as
people who are bard of hearing, and also for elderly users
or ervone who camnot syedk
Hugz Parades conduc
address hese problems.
applicationwas
commmunication througl: a visual
The prototype SO5Phone a
side componant of an s

to facilitats emergency
n-based touchscresn

tested the systam. The ,m\ devaloped an
SOSPhone frtice, fc

b et

) et st s
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Fig 1. Brocol XML

Despite advances in accessible smergency respomss
oo, masy spplicaions £l o incomporste ssished
accessibility zuidelines such 3z WCAG. Tod:
Suimbar o amargancy apps lack crifical sepport fr scteen
resders, chematve text, subtiled videos, amd high-
conmast interfsces. These ae essential for visually

sensor inputs and detenmine which contextualized
multimedia response to present based onmer profiles and
situations. Finally, the output is rough the
user interfzce module, r,re-emed through =d:|pu\e content
delivery with visual, anditory, and haptic representation
that accounts for the many wavs that user nesds can be
accommodated.

The User Interface module was structured into the
design process to comply with WCAG 2.1 The system
specifically adheres to the principles of POUR (Feelable,
Operable, Understandable, and Robust) [24]. POUR is
wsed to ensure accessibility for a wide range of disability
zroups. The Rules Engine serves as the logic component,
interpreting the user's context and profile. The interface is
made accessible by switching emergency alerts to factile
signals for users who ars deaf or hard of hearing. POUR
Achievement Revisions were made through iterative
ds Wlodifications were made to ncrease color contrast
Zor users with low vision_ ensure full keyboard navigation
—'n users with motor impainments, and provide text
atives. Imazes and vidzos were also used to improve
POJR accessibility. This strategy ensures that all system
elements, both functionally and visually, meet WCAG 2.1
Level AA compliance to maximize the usability and
effectivensss of the emergency interface I real-world
conditiens.

Fig 3 and Table I show a complete architecture for an

multimedia emergency response tystem that

incorporates environmental sensing. user characterization,
ad The Adaptation Engine is
in the center of the complete architecture and uses rule-
‘based reasoning and artificial mtelligence (Al) to provide
an interpretation of the real-time input and manage a
suitable output modality. The Adaptation Engine collects
variables from the environmental datz (e.g., smoke,
temperature) and the contextuz] datz from loT sensers. It
collects wearables’ user health and wser GPS data to
provide situational awaremess and geolocation-based
adaptation [25]
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Fig 3. IoT-enhanced system architecnrre.



TABLELDEVICE 1Y FES AND ROLES.
Davica Tpe Functonality e Nead Addressed]
=, tamperanure, 2nd)

Fire, CO leak glerts

gtem to evaluate the relevance of multimedia outputs
such as auditory, vibrational, and visual The zdaptation
decision runc‘uu]h allow the system to adsptively and

Wearable:

- Vizual ar copmitive
Audio Beacons impairments
Flashing LEDs

P Quick dlertfer all
GFS it}::-n.zm vigation ad rescu

sion Bielt

suppart

e
comtExt-aware responses
is luga

Control input mechanisms - Smart Buttons,
Flashlizhts, and LEDs - which can be activated as an
emergency wanung or areference signal, allow the user to
initiate an alert or attention in a low visbility emergency
situation. Control input mechanisms provide accessibility
and communication across numerous modalities to provide
the user confrol options based on their :‘D'l’\d tion and
available outpnt modalities. All input s (sound,
uman senses, etc.) and all stimuluz muuls feed into the
Adaptation Engine, which can man; a multimedia
cutput.
The output 1z zudio or vibration alerts and dynamic
mage or visual displays, supporting as many modalities
possible to communicate using the multi-sensory
spects and  suppo

select the relevant modalities to emhance
accessib Lian: and intezrated
Tesponsivene: e
demonstrated in the fo]lo\\m! example of how different
modalities are selected and ranked for use, considermg a
computed relevance score specific to a user with visual
impairment. Table II to Table IV show the Adaptation
Decision Function (ADF) czleulation.

ADF(u, &) =
where ADF is the adaptation decision function, 1 is the
user profile, £ is the &
m is the set of available multimedia modalitie: 3
is the relevance score of modality m given user profile u
and environment e.

g max R{mly, &) )

TanLe Il Use prosiL

Value
[zl
[Engtish

[Eish

Tamparatare (-C) 5
| Vibration Possible |¥es

Tas s

V:M

ort
ccessibility for all users.
The Client Interface is built using React and Tailwind
C88_ The Client Interface does not require users to interact
with a non-compliant and inaccessible UI to provide a
sible experience. It uses accesuble Ul
oud Service
layer is used to enmsure bi-directional communication
between the Client Interface and the Cloud Service. The
1ca ensures that it supports system-level fimctionalrty
WCAG accessibility rules, 1 2 user
b.}\uucr :olle;lm and reporting on svstem performan
This cloud layer design facilitates cununuom
improvement and auditing of the enmtre system while
supporting strong safety engineering principles for the
emergency interface.

IV. RESULTS AND Discussion

In adaptive emergency systems, the appropriate
modality must deliver and acknowledze zlerts to

the emergency situztion safely and securely.
Furthermore, this i particularly important when
attempting to communicate with users who have a
dizability. In selecting the most relevant modalities, the
adeptation decision function comsiders wser profiles,
environmental configurations, and the context of the

supported by swonz WCA text alternative
compliance.

* Motor impaimments were shown to have moderate
allowance for access (0.64) with multiple features for
input, and slightly lower weight on WCAG due to
device dependence in designs.

» Cognitive users displav the least ACM score (0.51),
suggesting a significant oppertunity for improvement
in simplifying navieation structures and ways to

coemitive load when under pressure.

Ace

(ACM) Radar Chart

ibility Covera

cognve

T

Fig 7. Accessiviliry coveraze memic (ACA)

The ACM scores provide insights where pricrity
elements ma ord further refinement of the interface
desizn apeuﬁ:a}l} to try to further develop cognitive
ility without reducing the accessibility of the other

V. Concrusion

Thiz study focuses on designing = WCAG-complient
adaptive multimedia system for safety engineering needs
This multimediz system uses ToT contextual sensh
sccording to the needs of people with disabilities. Thiz
‘stem has significantly improved emergency accessibility
duals with various disabilities. The integration of
anditory, md haptic modalities is processed
through real-time adaptation Tules that enable responsive
and persenzlized alerts. Empirical testing resulted in an
average SUS score of 86.2, indicating excellent usability.
This system has been successfully adapted to various
needs such as visual, visual + vibration, and audic needs
Based on the results of the ADF acceptance caleulation, it
was found that very high adaptation to visual + vibration
and audio obtained a value more than 0.9. The
experiment resulted m an average ACM scors of 0.89,
indicating comprehensive accessibility across a range of
user needs. These findings validate the design
methodology  and  teclmical  architectwre  created,
demonstrating functional feasibility and user acceptance
Future research can focus on nnulemsuunv the svstem .
live field conditions, conducting mere in-depth research on
machine leaming, and expanding the scape of accessibility
to more complex multi-hazard scenarios.

A score between 0 to 1 using a weighted fumction that
estimates the effectiveness of each modality based on u
and ¢. Then, define weights for key varizhles influencing
relevance
snal_impairment — +auditory, +haptic
* noise level high — —auditory
o smoke detected — <all alerts (urzency boost)

« vibration_possible — enables haptic

Table V and Fiz_ 6 show that ADF = M5, meaning the
most effective alert method is Multimodal: Audio +
Vibration. following is an analysis of the Adaptation
Decision Function
The user has visuzl impainnent, maki
less effective.

* Audio works well since there is no high backsround
moise.

» Vibration is hizhly relevant, especially with available
vibration support.

visual alerts
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Fig 6. Relevance score of multimadia modalities for visual impsirment

The System Usability Scale (SUS) is used to determine
the overall usability of the adaptive multimedia emergency
nterface. SUS is a standardized and accepted instrument
used to evaluate general user satisfaction and interaction
quality. Tt provides a composite score (range is 0-100) that
uses @ statistical method to sum user sub\e;l ve Tesponses
into one usability score for assessment
participant feedback from multiple users (including users

+3) x2.5=

s considered "Good to

2lls above average usability (mean SUS =~ 68).
results indicate that the system is genmerally
usable, with room for miner mprovements.

To assess the breadth of sccessibility needs met by the
adaptive multimedia emerzen stem, we propose the
Accessibility Coverage Metric (ACM). ACM measures
the breadth of the system actioms (features) that e
supported for each disability type (vision hearing.

itive, and mobility) related to the parameters of the
1 zctions, ACM is a complementary metric to
usability testing as it is concemned with inclusivity - that s,
the ability of the system to offer suitable inferaction
modalities to the nesds of users in emergency contexts

(s ) s O]
chere ACM: i the accessibility coverage seore for
sability type d, mi is the mumber of effective modalities
ailable for d, ... is the compliance weighting based on
G aligmment (0 to 1 scale) i the total
mumber of possible modality options (max =

Tasls VIE ACDDA1A This

with visual, auditory end cognitive disabilitien) to examine [
the interface for effectiveness, efficiency, and user e
satisfaction The resulting SUS scores will indicate how
accessible and user-fiendly the inferface is in simulated |
emeraency scenarios (Table VT) vl
US = SEG_X))x25 @
SUS=(Z@-D-IG-XNx25 @ [ [T
where X is the adjusted score for each questi )
+ For odd-mmbered items: X. = respon: osmitee 5 s
» For even-numbered items: X = S—response
Tat Rt e Ihotor E] 064
N s
Itam Question (Sumuaary) Frbiin
R el I The ACM score provides 2 normalized measure of
n suppert across diszbility categeries. In terms
@ 2 3 [ score (Table VI axd Fig. T
= Te e s . P isual impainment received the highest score of (
given the high WCAG compliance, and there are
e | lmmelvodduesdncmal |, B multiple sensory-alternative modalities (ie., audio,
suppertto use this symem. \ibration]
Q5 | o he various fnctions well 4 3 » Auditory users are also well supparted with a score of

0.72, based upon visual and fashinz cues, and
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Abstract—People with disshilities often face erifical
“hallemzes in accessing fimely and comprehensive emergency
slerts. This study presents an adaptive multimedia system
that uses cafefy engineering principles ucing Web Content
Accessibility Cuidelines (WCAC). Based on WCAC, the
System was created o meet visual, anditory, and tactile
output requirements based on uwser profiles and
environmental conditions. The system inputs are fed through
the Tnternet of Things (ToT) and procersed by 2 role-based

tion), A
the user interface and intecrated with semsors for
enviroumental monitoring. The system was evaluated in an.

emergency scemario for 30 participants across visual,
auditory, and cognitive impairment groups. The evaluation
recults showed a hizh average System Usability Scale (SUS)
score of $6.2, indicating excellent usability. The aversze
Acceasibility Coverage Metric (ACM) score was also
ohtained at .89, indicating broad and incluzive modalify
support. Bazed on the experiments, the Adaptive Decision
Function (ADF) score exceeded 0.90 for combinations such as
vizual with vibration and audio output. This shows strong.
adaptive performance under various conditions, These

Individusls who are blind, deaf, hard of hearing, or have
cogmitive imparments have difficulty wnderstanding
Information delivered through @ medium intended for the
gencral public. These limitations can lead to confision,
panic. or delayed responses for people with disabilities,
potentially putting lives at risk. A study by Enzelman
sugzests that inclusive communication in an emerzency
context must be understandable and responded to within
the required time frame besed on the type of emergency
and the medium wsed [2]. This meludes a combination of
sudio amomcemants, visual alerts, tactile feedback, and
interactive puidance mechanisms (3]

Multimedia imterfaces that are able to integrate visual,
audio, textual, and fteractive components can offer the
right solution fo overcome the problem of accessibility
£aps in the media used [4]. Unlike general media, adaptive
multimedia interfaces can dynamically adjust to the
dusability profile and needs of users. Deaf users canteceive
viual warmizg: and sign lmsvage aximations, while users
with visual detailed v ided
navization or haptic equipment [5]

Carvently, assistive technology availsble in public

inclusiveness of emergency respomse for people with
disabilities,
Index Terms—Emergency Alert  Systems, Adaptive
Multimedia, Safety Engineering, “cm 2.1, Internet of
Thing: (ToT)

L INTRODUCTION

Effactive communication during emergencies is a
public safety concem. ewpecially for people with
disabilites. The increzsing complexity of natural disasters,
fires, teck zical hazards, and o d crises
necessitates 2 more robust emergency menagement
system. This enhanced communication must ensure that
warnings and instructions reach everyone promptly and are
easily umderstood, especially for people with diszbilities
Current standard emergency commumication tools often
rely on unimodal text and audio interfaces that de not
accommiodate the diverse needs of people with disabilities
[

Interface failures i emergency systems can have life-
threatening consequences. This is even more so for people
with disabilities who rely on assistive features. Concepts
such as fanlt tolerance, fail-safe design, resilience
engineering, and hazard analysis are critical to interfaces
in multimedia systems [17]. Multimedia systems desizned
with safety in mind should include festures such as
redundent communication paths, exror prevention systems,
nd real time feedback systems. Integrating WCAG into
safety engineering helps ensure successful accessibility in
accordance with the EN 301349 standard for ICT
zccessibility in public services, EN 301549 is a Eurcpean
standard that sets out requirements for access to
Tnformation and Communication Technology (ICT)
products and services

Background Resilience engineering (RE) is a relatively
new perspective on safety in complex adaptive systems
that emphasises the emergence of cutcomes from the
complexity of the clinical environment Complexity
creates the need for adsptability and flexibility to achieve
outcornes. RE ir concerned with exploring the nature of
eadaptations, leaming from when things go nght, and
improving the capacity to 2dapt [18]. While there is good
clarity around the philosophy of RE. the progress of
actively  fmplementing the comcepts for quality
improvement has been slow. This study aims to test the
feautbility of using RE concepts in developing practical
methods to improve qualify n designing, implementing
and evaluating mterventions underpimed by BE theory,
Fig. 2 shows the resilience engineening concepts [19]

Fig 2. Rasilisnce enginsering cancegts.

C. Role of IoT Devices in Emergency Accessibiliy
Recent advances in Internet of Things (IoT) devices
‘have supported the desien of adaptive and context-aware
emergency systems [20], [21]. Smert sensors embedded in
connected wearable ds s (such as smart watches,
vibrating belts) can dymamically adfust multimedia output
The multmedia inferface can change based on user
profiles and environmental data (such as noise levels,
smeke, GPS) [22]. Zovko studies about [oT and health
‘monitoring wearable devices ex enabling technologies for
sustamable enhancement of life quality m  smart
environments [23]. These systems are redundent in
scenarios with unrelizble intemet or during infrastructure
failures. They must also conform to WCAG to ensure

env still uses limited emergency communication
systems, zccording to the Global Allimnce on Accessible
Techmologies and Environments (GAATES) Currently.
many emergency svstems still have desiens that can be
operated and responded to be able to adapt in real-time to
the various needs of general users, but not for people with
disabilities. Therefore, it is necessary to design emergency
inferfaces using adaptive multimedia teckmology with
proper verification that are beneficial to the public and for
pecple with disabilities to provide fair safety for both [4],

1

This study proposes the development of an adaptive
multimedia interface based on safety engineering
principles for varions emersencies. This svstem combines
multi-sensory media outputs that are adapted to various
categories of disabilities. This enswes e delivery of
reliable safety information during emerzencies for pecple
with disabilities. The use of Web Content Accessibility
Guidelines (WCAG) accessibility standards with safefy
design methodology 1s examined in this study to provide a
wrectical modsl for an inclusive emersency mterface
system.

multimodal content remains accessible, even when
displaved through IoT endpoints.
D Research Gaps and Opportunities

Alfhough there are many separate studies cn multimedia
acceszibility and emergency communication, few suggest
2 tangible framework to bring together WCAG, 2daptzble
interface desien, safety enzinsering principles, and IoT
There iz a critical need to research multimodal
coordination (for example, zudio, viswal, and haptic
contznt must all be m lockstep), user contol and
autonomy. and contextual adaptation based on real-time

Also, there are very few usability tests that include
participants who are actual wsers with disabilities i &
simulated swmergency seenaio. Making accessibility and
emerzency comrmumication inclusive, Tesilient, and safe
one will need to oceur in these areas in the future

I METHODOLOGY

This study uses a structured method for desigming,
developing, and evaluating an adeptive multimedia svstems
to support emergency accessibility. The system was
developed based on safety engineering principles and in
accordance with WCAG. The method combines desizn
science research (DSR), user-centered desimn metheds,
and ToT technologies to make the system respensive and
accessible to users in emergency situations with various
disabilities and challenzes.

This study Zollows 2 design science research or DSR
paradizm and follows sequential phases. In the exploratory
phase we identified accaseibility barriers in emergenciss.
specifically for individuals with semsory or cognitive
disabilities, through a literature overview and mterviews.
A problem space was developed from this information and
2 main objective was identified; to develop an adaptive
system capable of dynamically modifying multimedia
(visual, auditory, and haptic cues) owtputs described in
user profiles with respect to contextual matters outlined in
research. The systsm prototype was desizned amd
developed in compliance to WCAG 2.1 Level AA The
developed system imcorporated muitimedia rendering
modules, and comext-awareness throush IoT technolozy
TUpon completion, it was demonstrated in simulated
emergency scenarios to evaluste if it would work
appropriately in realistic settings. Evalustion was carried
out through empiricel testing with the target users from the
TUAS 2018-2020 cohort and expert reviewer testing to
establish  related  usability.  accessibility, and
respomsiveness. Lastly resulfs were documentsd to
contribute to further research and future best practices n
designing accessible emergency systems. Fiz. 3 shows the
research frameworks

The WCAG is a set of international swidelines for
improving the acceseibility of web content te all users,
including users with diszbilities. Developed by the World
Wide Web Consortium (W3C), they provide technical
guidance for making websites and all “other digital content
accessible [B] The WCAG 2.1 provides & framework on
how to make web content more accessible for persons with
disabilities [9]. Accessibility encompasses many kinds of
disabilities, mncluding visual, auditory, physical, speech,
cognitive, lmmguage, lesming, amd neurological
disabilities. While these guidelines address a wide variety
of izsues, the needs of people with disabilities cannot be
addressed in 2l types, degrees, and combinations. Finally.
the guidelmes that make web content accessible will also
make it more usble to older individuals with changing
zbilities due to aging and generally improve usability for
ell users.

There were considerable difficulties In identifving amy
additional criteria for addressing cognitive, language,
leaming disabilities, including a short development time
drame zllenges in reaching an agreement on
testability, implementability, and the internafional aspects
of their proposals. This work will contimue m future
versions of WCAG and mobile devices [10].

WCAG 21 begen with the goal of improving
accessibility guidance for three gronps of users: users with
cognitive or learning disabilities, users with low vision,
end users with disabilities when using mobile devices.
Many different ways were mugzested mnd examined to
meet these needs, along with a set of these needs that the
Workmgz G from
WCAG 2.0, along with clanty and impact of proposals,
plus a timeline, resulted in the final set of success criteria
fomnd in this version [11]. The Working Group believes
that WCAG 21 represents incremental progress in
‘guidance on web content accessibality for all these areas. It
Teiterates that these guidance pathways do not achieve all
user needs.

I LITERATURE REIVEW

4. Multimsdia Accessibility in Emergency Contexts

The growing imtersst i multimedia imterfaces i
amergency communication systans stems fom the need
to deliver timely, nmitimodal information to users,
capecially those with dissbilitics. In a stady by Wang
Meigi 2 portable smart monitoring device was developed
ta prevent seniors fram getting lost. The system s built on
an STM32 microcontroller and uses a STMS68 module for
GPS fracking. The system nses a SIM card to n the
HTTP protocol. Real-time location data is sent to an loT
clond platform, enabling features such as eeofencine, The
device integrates voice recognition for emergency alerts
The device provides customizable alamus and supports
SMS rofifications and one-tonch SOS call functions. The
device also uses an IMUS0! sensor for fall detection, &
heart rate sensor, and a temperature sensor. This integrated.
desien can improve travel safety and emersency response
Zor seniors at home and in public places [12]

The mobile emerzency applicetion can combine
synchronized anditory and visual cues along with tefual
alerts [13]. The RESCUER and SOSPhone systems are

Objostives

Design and
Developmen: RS S
meslansuaia

T s v
Demonstration [ -

Fig. 4. System architecture.

The structure comprises thres fndamental layers:

» Client inferface layer: A responsive user interface
built with Resct and Tailwind CSS is responsible for
providing multmodal content with embodied touch-
based navigation, audible cues, and visual cues.

» Adeptaton cugine layer, Bullt in Nodejs, this

middleware defines context-awareness and mser

profiling algorithms to extract appropriate multimedia
formats and navigate and deliver them in real-time.

IoT integrafion layer This layer comsists of

envirommenta] sensors mnd wearsble devices that

communicate through MQTTHTT? profocels fo
provide contextuzl infonmstion to the adaptation

engine.

The system architecture is composed of three main
components, operating in a fully data-driven pipeline as
shown in Fig. 4. First, Intemnet of Things (IoT) devices,
tnelnding various sensors and actustors. provided more

nd physiological data to

emergency conditions. These data are sent to the
adaptation middleware, which acts as the system's decision
engme. The middleware utilized a mules engme and
antificial intellizence (AI) models to make meaning from

designed for inclusive communication through the use of
visual symbols, tactile feedback, and a user-friendly
interface. Today's mobile devices and wide network
coverage have made emergency calls accessible almost
enywhere, but still require voice communication. This
presents challenges for people with dissbilities. such a3
people who are hard of hearing, and also for elderly users
or anvone who cannet speak clearly during an emergency.
Huga Parades conducted the 308 Phone studv to
address these problems A prototype SOS Phone
epplication was designed to facilitate emergency
communication through a visual icon-based touchscreen
interface. The protetype SOSPhene application is  client-
side component of an emergency system. Diverse users,
imcluding individuals without disabilities, emergency
personnel, and hearing-imy community members,
tested the system. The study developed and evaluated the
SOSPhone interface, focusing on improving accessibility
in emergency scenarios by reducing the reliance on veice
The SOS Phone can also be nsed for patient care [14]; [15].
Fig. 1 shows the protocol design by Huga Paredes [16]

Method

Fig. 1. Protocol XML desizn.

Despite advances in sccessible emerzency response
tools, many fail to incorporate
sccessibility suidelines such as WCAG. Todsy, a large
mumber of emergency apps lack critical suppert for screen
readers, altemative text, subtiled wvideos. and high-
contrast interfaces. These are essential for visually
impaired users during emergencies. WCAG provides a
stuctured set of recommendations for making Web
content more accessible, WCAG provides guidelines for
eltemative text, customizable comtent and time-based
media.

3. Safety Engineering in Accessible Interface Design
Safety engineering focuses on the relizbility of the
system and protecting users when errors or failures ocour,

sensor inputs and determine which contextualized
multimedia response to present based on user profiles and
user situations. Finally, the output is received through the
user interface module, presented through adaptive content
delivery with visual, auditory, md haptic rapresentation
that accounts for the many ways that user needs can be
accommodated.

The User Interface module was structured into the
design process to comply with WCAG 2.1. The system
specafically adheres to the principles of POUR. (Feelatle,
Opersble, Understandable, and Robust) [24]. POUR is
used to ensure accessibility for a wide range of disability
sroups. The Rules Engine serves as the logic component,

reting the user’s context and profile. The interface is
made accessible by switching emergency alerts to tactile
signals for sers who are deaf or hard of hearing. POUR
Achievement Revisions were made throush iterative
design. Modifications were made to increase color contrast
for users with low vision, ensure full keyboard navigation
for users with motor impaiments, and provide text
alternatives. [mages and videos were also used to improve
POUR. accessibility. This strategy ensures that all system
elements, both fimctionally and visually, mest WCAG 2.1
Level AA compliance to maximize the usability and
effectiveness of the emergency interface in real-world
conditions.

Fig. 3 and Table T show 2 complete architecture for an
adaptive muliimedia emersency response system that

ensing, user ion,
and accessllnlm considerations. The Adaptation Engine is
in the center of the complete architecture and uses rule-
Dbzsed reasoning and artificial intelligence (AT} to provide
n interpretation of the realtime input and manage =
suiteble output modality. The Adaptation Engine collects
variables from the environmental data (e.g., smoke, gas,
temperature) and the contextual data fom JoT sensors. It
collects wearables' user health and user GPS data to
provide situational awareness end geolocation-based
adaptation [23]
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demonstrated in the following example of how different
modalities are zelected and ranked for use, cor 1:151 a
computed relevance score specific to a user
impaimuent. Table IT to Table TV show the .-mpmmn
Decision Function (ADF) czleulation.

ADFiu, €)
‘where ADF is the adaptation decision function, u is the
user profile, e is the environmental‘contextual conditions,
m is fhe set of availsble multimedia modalities, R{m|x, &)
is the relevance score of modality 7 given user profile x
and environment e.

arg max R, €) &)

ey
Control input _mechanioms - Smart Buttons,
Flashlights, and LEDs - which can be activated as an

emergency warming or a reference signal, allew the user to
initiate an alert or attention in a low visibility emergency
situation. Control iuput mechanisms provide accessibility
and communication across numerous modalities toprovide
the user control options based on th-u =

available output medalities. All iny
hum:m senses, ete ) and 2l stimulus m[:ruls feed into the
Adaptation Engine, which can manaze a multimedia
cutput.

The output 15 zudio or vibration elerts and dvnamic

[Foize Level (48)
ik Level (i)
Stmcks Detecte:

[Temperature (°C)
[Foreionossible  [ves

signage or visual displeys, supporting as many modalities TABLEIV: MULTIMEDIA MODALITIES (m)
as possible to communmicate using the mulfi-sensory Modality (m) Description
pects and support g ) s At
accessibility for all users. 1L
The Client Interface is built using React and Tailwind M
CS5_ The Client Interface does not require users to interact 1
with 2 non-compliant and inzceessible UI to provide a TE Mltmodal (Andic - Viba)

corapliant and accessible experience. It uses
elements to ensure W

ceessible UT
ompliznce. The Cloud Service
laver is used to ensure bidirectional commmmication
between the Client Interface and the Cloud Service. The
service ensures that it supports system-level functionality

estimates the effective
and e. Then, define w
relevance:

such as manzging WCAG accessibility rules, logeing user  » visual impairment — ~auditory, ~haptic
behavior, collecting and reporting on system perfomance. o poise level hish — —auditory

Tws clowd laer dewm fokmes commwmows | o e STV NTLG
improvement and auditing of the entre aile | ibrarion possible — snables baptic
supporting strong safety engineering principles for the h !

emergency mterface.

w.

In adaptive emerzency svstems
modality must deliver

RESULTS AND Dr:

10N

amd acknowledge alerts

communicats the smerzency situation safely and securely. le:
Furthermore, this is paticularly imporant when

the appropriste
to * The user has visual impairment, making visual alerts

Table V and Fiz_ 6 show that ADF
most effective alert method 15 Multimodal: Audio

Vibration. The following is an analysis of the Adaptation

Decision Function,

effect

attempting to communicate with users who have a noise.

diszbility. In selecting the most relevant modalities,

adaptation decision function considers user profiles,

environmental configurations, and the context of

multiple sensorv-sltemative modalities (ie., audio,

vibration,

uditory users zre also well supported with a scors of
072, based upon visual and flathing cuss, and
supported by stong WCAG text  alternative
compliance

= Motor impaimments were shown to have moderate
allowancs for access (0.64) with multiple features for
input, and slightly lower weight on WCAG due to
device dependence in desi

. Co’m( ve users display the least ACM score (0.51),

significant opportunity for improvement

in simplifying navigation structures and ways to

reduce cognitive load when under pressure

Accessivility coverags metric (ACM) rader chart
Auditory
072
Coguitive Vismal
(1133 076

The ACM scores provide mg}m where pricrity
slements may afford further refinement of the interface
specifically to &ry to further develop cognitive
weeessibility without nedu\mg the accessibility of the other
weas.

V. ConcLusion

This study focuses on designing & WCAG-compliant
wdaptive multimediz system for safty enzineering nesds
[his multimedia system uses IoT contextual sensing
wecording to the needs of people with disabilities. This
‘stem has si antly improved emergency accessibility
or individuals with various disabilities The integration of
disual, auditory, and haptic modalities it processed
brough real-time adaptation rules that enable responsive
ed alerte. Empirical testing resulted in an
indicating excellent usability.
This system has been successfully adapted to various
1eeds such as visual, visual = vibration, and audio needs.
Jased on the results of the ADF acceptance calculation, it
was found that very high adaptation to visual + vibration
md zudio obtained a value of mere than e
speriment resulted in an average ACM score nf 089,
ndicating comprehensive accessibility acros
1ser needs. These findings validate lhe
nethodology  and technical  architecture
lemms\mlme functional feasibility and user acceptance.
“uture resezrch can focus on implementing the system in

the = Vibration is highly relevant, especially with available
wibration support.
the
live field conditions, conducting more in-depth resesrch on

machine leaming, and expanding the scope of accessibility
tomore complex nulti-hazard scenarios.
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The System Usability Scale (3US) is used to determine
the overall usability of the adaptive multimedia emerzency
interface. SUS is a standardized and accepted instrument
ed to evaluate general user satisfaction and interaction
quality. It provides a composite score (1ange is 0-100) that
uses 2 statistical method to sum user subjective responses
into cne usability score for assessment. We collected
participant feedback from nultiple users (including users
with visual, auditory and cognitive disabilities) to examine
the interface for effes efficiency, and user
satisfaction. The rezulting SUS scores will indicate how
accessible and user-friendly the interface is in simulated
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Es‘e].len[

above average usability (mean SUS = 68).
Theee recults indicate that the system is zenerally
usable, with room for miner improvements.

To assess the breadth of acressibility neads met by the
adaptive multimedia emergency system, we propose the
Accessibility Coverage Metric (ACM). ACM measures
the breadth of the system actions (feames) that are
supported for each disability type (vision hearing.

enitive, and mobility) related to the parameters of the
21 actions. ACM is a complementary metric to
i that is,

where ACM: is the accessibility cove
disability t\‘ne_d ma 15 the numbel of effec

aligmment (0 to 1 scale). and m
suber of possible modality options (max

Tants VI ACD
y|  Effective ACM:
Type | Modalites () core

emergency scenarios (Table VI) & (Audio,
|"Visual v IUI‘IA:IU Buaille, 085
SUS=(EL, (% —1+EEG5-%)x25 D) |Conzrase U1y
- |4 (Vienal,
where X is the adjusted score for each question: sadivory |Capcion Teon 000 5 om
* For odd-numbered items: Alert Flach LED)
* For even-munbered iteras
|Coznitive 085 5
Adjusted
Score [Motar 050 0.64
; The ACM score provides 2 normalized measure of
support across diszbility catezories. In terms
B of ACM scare (Table VII and Fig. 7)
LS _ * Visual impaiment recaived the highest score of 0.7
L e B given the high WCAG complance, and there are

T e
A Alner, 1.0, Alarear, and K. A Almarbabi, “Assesing
oo P B o T e
Health 1 Ads. Inf Technalvol
I 2007300, 2005, ot DI D
. Ommen Ao, M. Gracias Whyte, *Cross-Cover
Chavst Calm: & Patian Cars”
BIPsychOpen, vol. 11, 1o, S1, pp. 5158-5138, 2025, doi- DOL
10119::.1:.20:.5 104k
Msdmass o ol *Awomsed comversational anificisl
mmlhgm (AT) for oumpaziam ‘bowe] abswuction
symptom monitaring.,” J. Clir Oncal,, vel. 43, 1o
%3 suppl. p 1H7, My o
1012007C0.2015.43.16_suppl 1547.
e el P
“SOSPhone:

hile: application for emarzency calls’
Sec., vel. 13, me. 3, pp. 277290, 2014,

Linrers. .;mu m
doi: 10.1007510208-013-0318-2.
Levescn, D. Zigkin, J. Cutcher-Garstienfeld, 1,
Canall, and B. B nto safety-
systems™ i Resilisnce Enghcering: Concepts and
Precepus, 2012, pp. 05124
A Stolz 1. Tame, S Fischer, and K_ Fischer, “Agyl

eakincare. iprovement

feasibility study protocol” Piles Fearibilizy S, vol. 2, 5o

€L 1-10, Ot 2016, do: 101880814 D16 0103
Y. Rahayu,

oman, vol. 14, mo. 1, pp. 43-50, 2025, doi

10 mmm 1814350,
A M A Almmgens and N A, Hussien, “Enhanced PSO
‘Optamized Leader in Cloud-Fog Task Schsduling for [oT and
‘Mobile Crowdsensing Ear: 7 . J. Electr: Elecron.
Eng Telocammuun, vol. 13, no. 3, pp. 184-199, 204, doi

e e
A1 Turjman, “Trenell ion of
mmﬁmmﬁmmmwmmm
Er" J Commun, val. 19, no. §, pp. 49457, 2024, doi

1012720 e, 19044945
. Zovko, L. Serié, T Pericovic, H. Belani, and P. Solic, “IoT
et e e o iy

virommants, Cleewt Prod, n'Lﬂl! P 1]7556

2023, o ol org 1. wmj,um 2003137508,

M €. Caschany, P. Grfd, md . Cordells ‘Tl

Human-centered interaction
processes " Fromt 4 )msﬂ\ml&,mlf&’i“ﬁ:mli

2025, doi- 10.3330/frai 20251507763,

in
Elecyon Eng, Tl omu,wl 13,70.6, pp. 415426, 2024,
doi: 10.18178 Peetc 15.6.415-426.




6. Email hasil Review dari Reviewer (Permintaan Revisi) (22 Juli 2025)

M Gmail Marvin Chandra Wijaya <marvinchw@gmail.com>

Manuscript ID: 18327 - Editor Decision - Revision Required

1 message

ijeetc_editor <editor@ijeetc.com> Tue, Jul 22, 2025 at 9:40 PM
To: Marvin Chandra Wijaya <marvinchw@gmail.com>
Dear Marvin Chandra Wijaya:

Thank you for submitting your manuscript "Safety Engineering in Adaptive Multimedia System Design for
Emergency Accessibility Based on WCAG" to {$contextName}.

It has been reviewed by experts in the field. | am pleased to inform that this paper now is in consideration for
publication. But you are requested to make necessary revision before final acceptance.

Please find your manuscript at the following
link: https://ojs.ejournal.net/index.php/ijeetc/authorDashboard/submission/18327

Please be sure that you know the instructions below and make appropriate response.

> Submission of your paper to this journal implies that the paper is not under submission for publication
elsewhere. Material which has been previously copyrighted, published, or accepted for publication will not be
considered for publication in this journal. Submission of a manuscript is interpreted as a statement of certification
that no part of the manuscript is copyrighted by any other publisher nor is under review by any other formal
publication. By submitting your manuscript to IJEETC, you agree on the copyright guidelines of of the journal. It
is your responsibility to ensure that your manuscript does not cause any copyright infringements, defamation, and
other problems.

> Submitted papers are assumed to contain no proprietary material unprotected by patent or patent application;
responsibility for technical content and for protection of proprietary material rests solely with the author(s) and
their organizations and is not the responsibility of the journal or its Editorial Staff. The main author is responsible
for ensuring that the article has been seen and approved by all the other authors. Authors are asked to sign a
warranty and copyright agreement upon acceptance of their manuscript, before the manuscript can be published.
The Copyright Transfer Agreement can be downloaded from http://www.ijeetc.com/Journal-Copyright.pdf for
reference.

> The revised manuscript will be due from you and your coauthors by no later than FOUR weeks. | hope that
you will carefully take all the reviewers' comments into consideration and make necessary actions. Only when
your responses to all the comments are satisfactory, this paper can then be finally accepted for
publication.

# Please provide a separate document to explain the details of the revisions and your point-by-point responses to
the reviewers' comments, describing how you have addressed all of the reviewers' concerns.

# Please highlight all changes in your revised paper so that those changes can be easily followed by editors.


https://ojs.ejournal.net/index.php/ijeetc/authorDashboard/submission/18327
http://www.ijeetc.com/Journal-Copyright.pdf

# Please make sure to rigorously proofread the paper to check for confusing expressions, and for both
grammatical and typographical errors.

> Please find the attachment (sent via email) and note that all changes (revisions) are requested to amend in this
attached version (not your own version).

The comments of all reviewers are enclosed below for you to answer point-by-point.
Please do not hesitate to contact us if you have any questions regarding the revision of your manuscript.
Thanks and regards,

Jason Z. Kang, Ph. D., Prof.

Reviewer 1:
Recommendation: Revisions Required

Comments to Authors

This manuscript presents an innovative and timely combination of systems that integrate WCAG multimedia
interfaces with 10T and safety engineering for emergency communications. The incorporation of empirical
metrics for example SUS and ACM adds value and relevance to the inclusive design. Overall, the paper is solid
and robust, but some improvements are recommended in order to increase the clarity, rigor, and practical
relevance.

1. This system's cognitive accessibility features are less robust than other types of disabilities. Consider making
the interface more cognitively accessible for users with cognitive impairments, for example, you could use
progressive disclosure, guide steps with icons, and voice prompts to reduce the number of decisions they would
have to make in emergency situations.

2. This manuscript appears to overlook the ethical or privacy implications associated with the use of 10T or health
sensor data. Please clarify how you are collecting, storing, and protecting users' data, especially if users'
physiological inputs are being gathered, along with their locations.

3. The paper stated it is compliant with WCAG 2.1, however it does not explain how this was actualized in a real,
high-stress emergency environment. Clarification is needed regarding whether usability testing involved people
with disabilities, and whether design or testing considered real environmental sources of stress (i.e. smoke,
noise).

4. There seems to be few lacks in the explanation of WCAG and POUR principles across multiple sections. These
sections could be combined to reduce repetition. The figures and tables are relevant but would be helpful to
format more consistently. Their captions could also more descriptive.

5. The results section has a quantitative depth, but the discussion could be more fully developed by considering
further implications- for example implementation in schools, transportation systems, or public safety systems-
and comparing with existing emergency communication products.

With these improvements, the paper will provide a significant contribution to the field of accessible and inclusive
emergency systems.

Reviewer 2:
Recommendation: Revisions Required

Comments to Authors

Congratulations on the high quality of your work! Your adaptive multimedia system, designed to improve
emergency alerts for people with disabilities, is both innovative and impactful. The integration of WCAG
guidelines and 10T for environmental monitoring demonstrates a thoughtful approach to accessibility. This



project is a significant step toward improving safety and inclusivity, and | commend you for your dedication to
addressing such an important issue.

Comments:

1. Limited Evaluation Scope: The sample size (30 participants) is small, and more diverse user groups (especially
with multiple disabilities) could be included for broader testing.

Integration with Existing Emergency Systems: The system could be more effective if it were integrated with
existing emergency infrastructures (e.g., healthcare services, public alert systems).

2. Sensor Accuracy: More details on the accuracy of environmental sensors and additional testing in real-world
scenarios would be helpful for ensuring reliable hazard detection.

Psychological Factors: The system could consider users’ emotional responses to alerts (stress levels, panic) and
adapt accordingly.

3. Real-World Performance: Testing the system in real emergency conditions (e.g., network congestion, power
failures) would provide valuable insights into its reliability.

Suggestions for Improvement:

4. Dynamic Personalization: The system could dynamically adjust alerts based on changes in users' health or
preferences over time.

5. Support for Multiple Disabilities: Expanding support for users with multiple disabilities (e.g., both visual and
auditory impairments) would improve inclusivity.

6. Enhanced User Feedback: Including visual or auditory feedback to inform users about the nature of the
emergency (e.g., fire, flood) could improve response effectiveness.

Editor's Notes:
1. Make sure the abbreviation "POUR" (Feelable, Operable, Understandable, and Robust) is correct.

2. Complement the retrieval information of references marked in red.

0JS-18327.docx

@ 439K


https://mail.google.com/mail/u/0/?ui=2&ik=515e34ce96&view=att&th=19832948685d615e&attid=0.1&disp=attd&safe=1&zw

7. Email permintaan perbaikan hasil revisi (28 Juli 2025)

M Gmall Marvin Chandra Wijaya <marvinchw@gmail.com>

ijeetc_editor <editor@ijeetc.com> Mon, Jul 28, 2025 at 9:46 PM

To: Marvin Chandra Wijaya <marvinchw@gmail.com>

Please provide a separate document to explain the details of the revisions and your point-by-point responses to
the reviewers' comments, describing how you have addressed all of the reviewers' concerns.

[Quoted text hidden]



8. Artikel Revisi 3 (29 Juli 2025)

[Safety Engineering in Adaptive Multimedia
System Design for Emergency Accessibility
Based on WCAG

Marvin Chandra Wijays'

Dept. of Compu. Eng., Faculty of Smart Techno and Eng.. Maranataa Christian University, Bandung, Indonesia
Email: marvin cw@eng maranatha. edu

Marnscript received Tuly 7, 202

Absract—Peopls with  disabilities often facs critical
challenges in accessing timely and comprehensive emergency
alerts. This study presents an adaptive multimedia system
that uses safery enzineering principles using web content
accessibilify guidelines (WCAG). Based on WCAG, the
system was created to meet visual, suditory, and tactile
cutput requirements hased on user profils and
environmental conditions. The system inputs are fed through
the internet of thingz (IoT) and pracessed by a rule-based
adaptation engine. The emergency adaptive system combines
environmental data, user health, and manual input to
generate appropriste multimedia alerts (audio, visual, or
vibration). A prototype was buil using Reace Taibwind for
the ucer interface and integrated with sensors for
environmental monitoring. The system was evaluated in an

guitive impairment zroups. The evaluation
h average system usability ceale (SUS)
score of 86.2, indicating excellent usability. The average
accessibilify coverage metric (ACM) score was also obtained
at 0.89, indicating broad and inclusive modalify support.
Baced on the experiments, the adaptive decizion fanction
(ADF) score exceeded 0.90 for combinations uch ss visual
with vibration and audi output. This shows strong adaptive
performance under various conditions. These r!suln
demoustrate the potential of the system to improve
inclusiveness of emergency respomse for people mlh
disabilities.

Index Terms—Adaptive multimedia, internet of things (ToT),
emergency alert systems, safety engineering, WCAG 2.1

1 INTRODUCTION

Effective communication during emerzencies is a
public safety comcem, especially for people with
disabilities, The increasing complexity of natural disasters,
fires, technols hazards, and human-caused crizes
necessitates 2 more robust emergency meamagement
stem. This enhanced communication must ensure that
wamings 2nd instructions rezch everyone promptly and are
easily understood, sspecially for people with dissbilities
Current standard emergency communication tools often
rely on unimodal text and audio interfaces that do not
accommodate the diverse needs of people with disabilities

[

such as fault tolerance ail-safe desian, resilience
engineering, and hazard analvsis are critical to inferfaces
in multimedia systeras [17]. Multimedia systems desizned
with safetv m mind should mclude features such as
redundant communication paths, errer prevention systems.
and real-time feedback systems. Intzarating WCAG into
safety engineering helps ensure successful accessibility i
accordance with the EN 301545 standard for information
and comrunication technology (ICT) accessibility m
public services. EN 301348 is a European standard that
sats out requirements for access to ICT products and
services
Background resilience engineering (RE) is a relatively
new uer,uem\e on safety m complex adaptive systems
that emphasises the emergence of outcomes from the
complexity nf the clinical environment Complexity
creates the need for adaptability and flexibility to achieve
outcomes. RE is concemed with explering the nature of
adaptations, leaming from when thinge go right, and
improving the capacity to adapt [18]. While there is good
ity arownd the philosophy of RE, the progress of
ely implamenting the comcepts for guality

iraprovement has been slow. This study aims to test the
feasibility of using RE. concepts in developing practical
methods to improve quality in designing, lmplememmﬂ
and evaluating mferventions underpimned b 0LV
Fig. 2 shows the resilisnce enginesrine concepts [19]

Fig. 1. Resilience engineering concepts.

C. Role of IoT Devices in Emergency Accessibility
Recent advances in IoT devices have supported the
ezign of adaptive and context-aware emergency systems
[201, [21]. Smart sensors embedded in connected wearable
devices (such as smart watches, vibrating belts) can
dvnamically adjust multimedia output. The roultimedia
interface can change based on user profils and
environmental data (such as noise levels, smoke, GPS)
[22]. Zovko studies about IoT and health monitoring
wearable devices as enabling technologies for sustainable

'uiu_]s who zre blind, deaf, hard ofhearing, or have
cognil asimments have difficulty understandine
m!nm:.atmn delivered through 2 medium intended for the
general public. These limifations can lead to confusion,
panic, or delayed responses for pecple with disabiltie,
potextielly putting lives at risk. A study by Engelman
ests that inclusive communication in an emergency
itext raust be understandable and responded to withm
the required time frame based on the typs of emergency
and the medium used [2]. This includes a combin:
audio anmouncements, visual alerts, tactile feedback, and
nteractive guidance mechanisms [3].

Multimedia interfaces that are able to integrate visual,
audio, textual, and interactive components can offer the
riahl solution to overcome the problem of accessibilify

m\um:.ed.\a mlerfa es can dynamically adjust to the
disehility profile and needs ofusers. Deafuse!sr:anler:eu e

. while users
with visuel impairments can receive detailed voice-guided
navization or haptic equipment [5]

Currently, assistive technology available in public
environments still uses limited emergency communication
systams, according to the global alliance on accessible
technologies and emvironments (GAATES). Cumrently,
many emergency systems still have desizns that can be
operated and respondad to be able to adapt in real-time to
fhe various needs of general users, but not for people with
disbilities. Therefore, it is necessary to design emergency
marmkas usinz adzptive multimedia technolozy with

oper verification that are beneficial to the public and for
pﬂa'p & with disabilities to provid fair safety for both [6],

This study proposes the development of an adaptive
multimedia interface bazed on safety engineering
principles for various emerzencies. This svstem combines
multi-sensory media outputs that are adapted fo various
categories of disabilities. This ensures the delivery of
relizble safety information during emergencies for people
with disabilities. The use of web content accessibility
) accessibility standards with safery
20 methodology s examined in this studv to provide a
vmu:al model for an i e erergency interface
rystem

interface design, safety engineering principles, and IoT.
There is a critical meed to ressarch multimodal
coordination (for example, zudio, visual, and haptic
content must all be in lockstep), wser comtrol and
:u(mnﬂm\' and contextual adzptation besed on real-time
inpu

ilso there are very few usability tests that include
participants who are actual users with disabilities in a
simulated emergency scenario. Making accessibility and
emergency communication inclusive, resilient, and safe
for evervone will nead to occur in these areas in the future.

I METHODOLOGY

This study uses a structured method for designing,
developing, and evzluating an adzptive multimedia syster
to support emergency accessibility. The system was
developed based on safety enzinsering principles and in
accordance with WCAG. The method combmes design
science rezearch (DSR), user-centered desizn methods,
and IoT technologies to make the system responsive and
accessible to users in emergency situations with various
disbilities and challenges.

This study follows a desizn science research or DSR
paradiom and follows sequential phases. In the exploratory
phase we identified accessibility barriers in emerzencis,
specifically for individuals with sensory or cognitive
ilities, through a literature overview and interviews
A problem space was developed from this information and
2 main objective was identified: to develop an adaptive
system capable of dynamically modifying multimedia
(visual, auditory, and haptic cues) outputs described in
user profiles with respect to contextual matters outlined in
ressarch. The system prototype was designed and

eveloped in complimee to WCAG 2.1 Level AL The
developed svetem incorperated multimedia rendering
modules, and context-awareness through IoT technolazy.
Upon completion, it wes demonsrated in simulated
SMETEENCY  SCENATios m evaluate 1f it would work
appropriately in 12 settings. Evaluation was carried
out through empirical (esunz\\ 1th the target users from the
JAS 2018-2020 cohort and expert reviewer

tablish  telated  wsability,  accessibili an
responsivencss. Lastly results were documented to
contribute to further research an e best 'prsctlch n

esigning sible emergency systems. Fig_ 3 she
research frameworks.

The structure comprises three findamental layers:

® Client interface laver. A responsive user interface
built with RezctTailwmd CSS is responsible for
providing multimodal confent with embodied touch-
based navigation, andible cues, and visual cues.
Adaptation engine laver: Built in Nodejs, this

ddl defines

enhancement of life quality in smart environments [23]
These systems are redundant in scenarios with unreliable
intemnet or during infrastructure failures. They must also
conform to WCAG to ensure multimodal content remains
zccessible, even when displaved throush ToT endpoints.

D, Research Gaps and Opportunities

Althoughthers v ey separat stdies o otimedia
and emergency

2 tangible Famework to b

ogether WCS AG d:ptable

itext s and user
profiling algorithms fo extract appropriate multimedia
formats and navigate and deliver them in real-time.
IoT imtepration layer This laver consists of
environmental semsors and wearable devices that
communicate through MQTTHTTP protocels to
provide contextual mformation to the adaptation
engine.

The \" AG 1z a set of international guidelines for
iz the accessibility of web content to all users,
mclud.\nz wsers with diszbilities. Developed by the world
wide web consortium (W3C), thev provide technical
swidance for making websites and all other digital content
acceszible [§]. The WCAG 2.1 provides 2 framework on
how to make web content more accessible for persons with
disebilities [9]. Accessibility encompasses many kinds of

lities, mcluding visuel, auditory, phvsical, speech,

ve. linouaze. learming, and  newrological
lities. While these suidelines address a wide variety
of 1ssuss, the needs of people with disabilities cannot be
2ddressed in all tvpes, dearess, and combinations. Finally,
the guidelmes that make web content accessible will also
make it more uszble to older individuals with chan;
abilities due to aging and generally improve usability for
all users.

There were considerable difficulties in identify
additional criteria for addressing cognitive, languay nd
leaing disabilities, including a short development time
frame and challenges in reaching an agrsement on
testability, implemsntabilsty, and the intemattonal aspects
of their proposals. This work will contimue i future
versions of WCAG and mobile devices [10]

WCAG 21 begen with the of improving
zceessibility guidence for three groups of users: users with
or leaming disshilities, users with low vision,
s with disabilities when using mobile devices
ested and examined to
meat thess needs, along with a set of these needs that the
Working Groun asreed tpon Requirements inberited fom
WCAG 2.0, along with clarity and mpact of proposals,
plus a timeline, resulted in the final set of success criteria
found in this version [11]. The Workinz Group believ
that WCAG 2.1 represents incremental progress m
swidance on web content accessibility for all these areas It
retterates that these Zuidance pathways do not achieve 21l
user needs.
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1. LITERATURE REIVEW

A Multimedia Accessil

The srowing mlaresl in multimedia interfaces in
emergency communication systems stems from the need
to deliver timely, multimodal information to users,
especially these with disabilities. In a study by Wang
Meigi, 2 portable smart menitoring device was developed
to prevent seniors from zetting lost. The system is built on
an STM32 microceontroller and uses a SIMB68 module for
GPS trackinz The system uses a SIM card to i the
HTTP protocol. Rezltime location data is sent to an
intemnet of things (IoT) cloud platform, enabling features
such as geofencing. The device intesrates voice
recognition for emergency alerts. The device provides
customizable alarms znd supports SMS notifications and
one-touch 80F call functions. The device also uses an
IMUS01 sensor for fall detection, a heart rate sensor, and
2 temperature sensor. This integrated design can improve
travel safety and emergency respense for seniors at home
and in public places [12].

The mobile emergency application combine
synchronized auditory and visual cues along with textual
alerts [13]. The RESCUER and SOSPhons

n Emergency Contexts

Definition of [RR
Objectives I A

: ‘.,3/;\(3

j‘:";::::‘
E

ng 4 System architecnure

The system architecture iz composed of three main
cmane:m operating in 2 fully data-driven pipeline as
in Fig. 4 Furst, IoT devices, meluding various
sensars and actuztors, provided more environmental and
iological data to characterize emergency conditions.
These data are sent to the adaptation middleware, which

t ine. The middlevare
utilized a rules engine and artificial intellicence (AT}
models to make meaning from sensor inputs and determine
which contextualized multimedia responze to present
based on user profiles and user sitvations. Finally, the
output is received through the user interface module,
presented throush zdaptive content delivery with visual,
=ud tory, and haptic representation that sccounts for the

gned for inclusive communication through the use of
svmbols, tactile feedback, and a user-friendly
mem;e Today's mobile devices and wide network
coverage have made emergency calle accessible almost
anywhere, but still require voice communication. Th
presents challenges for people with disabilities, such
people who zre hard of hearng, and lso for elderly users
or anvone who cannot speak clearly during en emergency.
Huga P conducted the SOS Phone study to
eddress these problems. A protetype SOS Phone
epplication was designed to facilitate emergency
commumication through 2 visual icon-based touchscreen
interface, The prototype SOSPhone application i 2 client-
side component of an emer; Y EY: Tverss 3
mcludimg mdividuzls without disabilities, emergency
persomnel, and hearing-impaired community merber:
tested the system. The study developed and evaluated
S0SPhone interface, focusing on mproving accessibility
1n emergency scenarios by reducing the reliance on voice
The SOS Phone can also be used for patient care [14], [13]
Fig. 1 shows the protocol desizn by Hugza Paredes [16]

g

Despite advances in accessible emerzency response
tools, many )i fail to
aceessibility gwdelnes such as WCAG. Todav, a large
number of emerzency apps lack critical suppont for screen
readers, altemative text, subtitled wvideos, and hish-
comtrast interfaces. These zre essential for visually
impaired users during emergenciss. WCAG provides a
structured set of recommendations for makinz Web
content more accessible. WCAG provides gudelmes for
altemative text, customizable content and time-based
media.

2. Safety Engineering in Accessible Inferface Design
afety ensineering focuses on the reliability of the
system and protecting users when errors ot failures occur
Tnterface failures in emerzency systems can have life-
threatening consequences. This is even more so for people
with dissbilities who rely on assistive features. Concepts

signals for users who are deaf or hard of hearing. FOUR
achievement revisions were made through iterative desizn.
Modifications were made to increase color contrast for
lovw-vision users, ensure full keyboard navigation for users
with motor impairments, end provide text alternatives
Tmages and videos were also used to improve FOUR
accessibility. This strategy ensures that all system
elements, both fnctionally and visually, mest WCAG 2.1
Level AA compliance to maximize the uszbility and
effectivensss of the emergency interface in real-world
conditions.

Fig. 3 and Table I show 2 complete architecture for an
adaptive multimedia emerzency response system fhat
incorporates environmental sensing, user characterization,
and accessibility considerations. The adaptation engine iz
in the center of the complete architecture and uses rule-
based reascning and artificial intelligence (Al) to provide
an interpretation of the real-time input and manage a
snitable output modality. The adaptation engine collects
variables from the environmental data (e.g., smoke, gas
temperature)} and the contextual data from IoT sensors. It
collects wearables' user health and user GPS data to
provide sitastional awaremess and geclocation based
adaptation [25].
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Fig 3. loT-enbanced system axchitecne.

many ways that user needs can be
The User Interface module was structured into the
design process to comply with WCAG 2.1. The system

specifically adheres to the principles
Operzable, Understandable,
used to ensure accessibility for a wide range of disability
groups. The rules engine serves as the logic component,
nterpreting the user’s context and profile. The interface is
made accessible by switching emergency alerts to tactile

TABLELDEVCE AN ROLES
Device Type ‘Functionality [zer Meex
Bt\zmwﬂnl“ mnk;‘::n.m ‘“‘W_ﬁm.f' 2 Fire, CO laakalers
Wearables
Avdio Bearons sual or coguitive
FlasrinsTEDs -
OUR (Feelable, Sman Bunons G el
and Robust) [24]. FOUR is B e —
Ti-point tectle sigeal | Deaf or nn-varsal
mapping




Device Type [User Nead Addvessed)

body and GPS location are collected only

Edge ATModk

Control input mechanisms - smart buttons, flashlights,
and LEDs - which can be activated as an emergency
wamning or a referance signal the user to initiate an
alert or attention in 2 low-visibility emergency situstion
Control input mechaniems provide accessibility and
communication across numerous modalities to provide the
user control options based on their condition and available
output modalities. All input senses (sound, human senses.
and others) and all stimulus inputs fzed into the adaptation
engine, which can manage a multimedia output [26]

The cutput is audio or vibration alerts and dynamic
signage or visual displaye, supporting 25 many modalities
3t poseible to communicate using the multi-sensory
aspects and support communication, accommodating
acceszibility for all users.

The client mferface 1s built using React Tailwind CSS.
The client interface does not require users to interact with
sible UL to provide a
xperience. It uses accessible UT
AG compliance. The cloud service
it used to ensure bi-directional communication
between the client interface and the cloud zervice. The
service ensures Lhat it supports system-level functionality
such 23 man; AG accessibility rules, logzing user
behavior, ollecting and reporting on system performance.
This cloud layer desizn facilitates contimuous
improvement and auditing of the entire system while
supporting strong safety engineering principles for the
emergency interface

A, Cognitive Accessibility Enamcement

The system was designed with cognitive accmbmq
principles to support users with cognitive impairm
The systam is used to reduce confusion and mental aﬂ’m
during emergencies by presenting information.

The zpp dizplays important information at every step of
the way. Users first see a single "Ask for Help” button.
After tapping it, subsequent options appear step by step
The app uses a guided decision-making flow with clear
icons and concise mstructions. Each emergency task is
broken down into almple steps. Additionally, wvoice
commands are added using the Web Speach. The system
can read aloud messages and suide users through voice
This is helpful for those who have difficulty reading or
processing visuzl content quickly. The overall mterface
layout is simplified by limiting the options on each screen
end using large, consistent icons. This layout makes the
system easier to use in stressful situations.

v,

This system is designed to prioritize wser privacy and
ethics when collecting health and location data. Heart rate,

To aszess the breadth of zccessibility nesds met by the
adaptive multimedia emergency tem, we propose the
Accessibility Coverage Metric (ACM). ACM measures
the breadth of the system actions (featurss) that are
supported for each disability fype (vision, hearin
nitive, and mobility) related to the parameters of the
G 21 ections. ACM is complementary metric to
usabilify testing as it is concemned with inclusivity - that is,
the ability of the system to offer suitzble interaction
modalities to the nesds of users in emerzency comexts

ACM = (MaWeag )/ Mo

where ACM. s the accessibility coverage score for
disability tvpe d, 7 is the mummber of
-ailable for d ... is the compliance w
WCAG eligmment (0 to 1 seale), and m.
mumber of possible modality options (max.

TABLE VI ACD DATA TAB

with user consent. All data is fransmitted using 2 secure,
encrypted comection znd stored in a protected cloud
system. The app stores personal or health data with user
consent This system is ensured to meet eﬂ:ucal Teview
standards to protect user security and pri

To ensure WCAG 2.1 mmphance m a real-life
emersency, usability testing was conducted with
individuals with visual, hearing, and cognitive disabilities
Testing was conducted in emvironments that included
realistic sressors. Environmental conditions such as loud
noise, dim lighting, and time pressure were used to
simulate emergency scenarios. Experiments were
conducted in reel-life evacustions using the guided system.
end the stressful environment. Results showed that
multimodal alerts (such as combining flzshing lights with
vibrations, or somd with visual icons) improved user
response times.

The system was built using environmental sensors
such as gas sensor, temperature sensor, and 2 smoke
detector, which are commonly used in ToT-based
emergency systems. In laboratory-based testing, the gas
sensor demonstrated 2 gas leak detection accuracy of over
92% under standard calibration conditions. The
temperature sensor demonstrated a precision of =0.5°C
under real-world conditions. Expanmems ‘were conducted
in a simulated emergeney enviromment with real-world
amoke, noise, and temperature fluctuations.

The syster is designed to support user personalization
by utilizing real-time data collected on each user's prefile
Ifauser's hearing ability changes or if the heart rate sensor
detects stress, the system can automatically increase the
vibratien intensity. If necessary, the alert system can also
switch to 2 visual alert Such a system helps ensure
emergency alerts remain effective and tailored to each
user's needs at the time of need.

In adaptive emerency systems ﬂ'.e approprizte
modality must deliver and aclmowledge elerts to
communicate the emergency situation safel\ ¢ and securely
Furthermore, this is particularly important when
etiempting to communicate with users who have a
disability. In selecting the most relevant modalities, he
adeptation decision function considers user profiles,
environmental configurations, and the comtext of the
stem to evaluate the relevance of multimedia outputs
such as auditory, vibrational, and visual. The adaptation
decision functions allow the system to adaptively and
imamlca]li sel“c( the relevant modalities to enhance
accessibili WCAG compliance, and integrated
Tesponsiveness during an  emerzency. ey are
demonstrated in the following example of how different
modalities are selected and ranked for use, considering a
computed relevance score specific to a user with visual
impaimment. Table I to Table IV show the adaptation
decision function (ADF) calculation.

ADF(u, &) = arg max R{mlu. ) m
where ADF s the adaptation decision function, u is the
user profile, ¢ is the environmental/contextual conditions,
m is the set of available multimedia modalities, Romu, £)
is the relevance score of modality m ziven user profile u
and environment e.

Accessibility coverage metric (ACM] rader chart

Audtory
072

Fig 7.4

Experiments were conducted to test whether systems
providing clear feedback (such as icons, sounds, or text)
helped users respond more quickly. Emergency alert

The ACM scere provides & normalized measure of

=ibility support acroes disability catesories. In terms

M seore (Table VII and Fig,

® Visual impainment rece the highest score of 0.76
given the WCAG compliance, and thers are
multiple sensory-gltemative modalifies (ie., audio,
vibration).

o Auditory users are also well supported with a score of
0.72, based upon visual and flashing cues, and
supported by stros text altematrve
compliance

= Motor impairments were thown to have moderate
allowance for accees (0.64) with multiple features for
input, and slightly lower weight on WCAG due to
device dependence in designs.

» Cognitive users display the least ACM scare (0.51),
suggesting 2 significant opportunity for improvement
in simplifying navigation structures and wavs to
reduce cognitive load when under pressure.

The ACM scores provide insights where pricrity

el amenm may zfford further refinement of the interface

design, cally to try to further develop cognitive
acces ithout reducing the acces: of the other
ereas

Effective WCAG acy|  3imulations with differen feedback styles were created for
Tope | Modalities () \fi"'"“‘e Modlites | 00| fire or flood situstions.
= » Visuel Only (flzshing fire icon or flood icon)
[Visual 095 5 0.76 * Audio Only (alarm sound with spoken word "fire” or
"flood”)
sty 100 sl * Visuzl = Audic (both icon and spoken word)
T VI EMERGENCY Ty RECOGNITION By FEEDRACK STVLE
leagaitive 055 s 05l [Feeback St1e{ Ave Sccura] Ave Fesponse TendNumber of Exor:
[Visual Only 2% Tasec
[ Ao Gy TE% sac E
[Moto: ice Lnput, 030 B 064 [isual + And 95% 21sec 2
iy eoard, Switch)

The experimental results in Table VIIT show that using
audio and visual can inmprove feedback during natural
emergencies such as fires and Soods

This system has potential for use in public spaces sach
5 schools, transportation hubs, and buildings where safety
i a priorify. Clear and accessible emerzency
commmications in these public spaces are crucial for
pecple with disabilities. This system offers emhanced
support through 2 combination of visual, vibration, and
udible cues tailored fo the user's needs compazed to
systems that do not accommodate pecple with disabilities
Future research could explore how fhis system could be
integrated with school alams, subway notifications, or
emergency platforms available in public spaces.

V. CowNeLusion
This study focuses on des g a WCAG-compliant
adaptive multimedia svstem for safety engineering needs
This multimediz system uses loT contextual
according o the nceds of people with discbi

vizual, auditery, and haptic modaliies 13 processed
through real-time adaptation rules that enable responsive
and personalized alerts. Empirical testing resulted m an

A score between 0 to 1 using a weighted function that
estimates the effectiveness of each modality based on u
and e. Then, define weights for key variables nfluencing
relevance:

O0ALITIES ()
Description

Viorasion Sigaal
[Feal Flack.
ot

ual impairment — “audifory, ~haptic
« noise level high — —auditorv

® smoke_detected — =all alerts (urgency boost)
» vibration possible — enables haptic

Table V and Fig. 6 show that ADF =

The system usability
the overall usability of the adaptive multimed:a emergency
interface. SUS iz a standardized and accepted instrument
used to evaluate general user satis?
quality. Tt provides a composite score (range is 0-100) that

where X is the adjusted scos

Relevance Seare (010 1)

ME: And i
Fig 6. Relevance score of muliimedia modalities or visuzl impeimment

cale (SUS) is nsed to detenmine

ction and inferaction

a stanistical method to sum user subjective responses

into one usability score for sssessment. We collected
patticipant feedback fom multiple users
T with visnal, auditory and cog
the interface for effectiveness
satisfaction. The resulting SUS scores will indicate how
accessible and wser-frendly the &
emergency scenarios (Table VD).

including users
tive disabilities) to examine
ency, and user

mterface 15 in sirmulated
JE-D+EN(5-x) %25 ()
1 each question: For odd-

= response — 1; for even-numbered
response.

TanL VT SUS RESPONSES

most effective alent method s multimodal: = [E— s
vibration. The following is an analysis of the x.iapmuan -5
decision ﬁumlen 4 3
* The user has visual impairment, making visual alerts
less effective. 2 3
= Audio works well since there is no b 2 - R
noise. :
« Vibration is highly relevant, especially with available 3 B
vibration suppart.
« Multimodal output (M3) combines zudio and haptic + 3
feedback strengths, leading to the highest relevance
score. 3 2
e ——— | Twould Emasine thar most people :
Tt VS - 97 | ould learn to wse it quickly. : 4
Doaaiy Factor Comsidersd
i | Vel user, good audio access, a0 noize Qs 2 3
it
o | Works well far visual weer — vitration & | 080 o 4 3
= e Tneeded t0 leam 2 lot of G
- ) Tneeded o leam a lotof fhings 3 B
e e Q10 | pesore T could get going
i | Pertialhy usefl ficons may not belp 30
visnal nser
25| Aodioelps (153

SUS score of 6.2, indicating excellant usability.

This system has been successfully adapted to various
needs such as visual, visual + vibration, and audio neads
Based on the results of the ADF acceptance calculation, it
was found that very high adapluuon to visual + vibration
and audio obtained 2 value of more than 0% The
experiment resulted in an sverage ACM score of 0.89.
indicating comprehensive accessibility across a range of
user needs. These findings validate the design
methodology  and  technical itecture  created,
demonstrating finctional feasibility and user acceptance

Future research can focus on implementing the system in
live field conditions, conducting mere in-depth research on
machine leaming, and expanding the scope of accessibility
to more complex multi-hazard scenarios.
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9. Response to Reviewer (29 Juli 2025)

Reviewer 1 Comment

Response

1. This system's cognitive accessibility features are
less robust than other types of disabilities.
Consider making the interface more cognitively
accessible for users with cognitive impairments,
for example, you could use progressive disclosure,
guide steps with icons, and voice prompts to
reduce the number of decisions they would have
to make in emergency situations.

A new subsection has been added.

A. Cognitive Accessibility
Enhancement

The system was designed with cognitive
accessibility principles to support users with cognitive
impairments. The system is used to reduce confusion
and mental effort during emergencies by presenting
information.

The app displays important information at every step
of the way. Users first see a single "Ask for Help"
button. After tapping it, subsequent options appear
step by step. The app uses a guided decision-making
flow with clear icons and concise instructions. Each
emergency task is broken down into simple steps.
Additionally, voice commands are added using the
Web Speech. The system can read aloud messages
and guide users through voice. This is helpful for
those who have difficulty reading or processing
visual content quickly. The overall interface layout is
simplified by limiting the options on each screen and
using large, consistent icons. This layout makes the
system easier to use in stressful situations.

2. This manuscript appears to overlook the ethical
or privacy implications associated with the use of
loT or health sensor data. Please clarify how you
are collecting, storing, and protecting users' data,
especially if users' physiological inputs are being
gathered, along with their locations.

A new paragraph has been added.

This system is designed to prioritize user privacy
and ethics when collecting health and location data.
Heart rate, body temperature, and GPS location are
collected only with user consent. All data is
transmitted using a secure, encrypted connection and
stored in a protected cloud system. The app stores
personal or health data with user consent. This
system is ensured to meet ethical review standards to
protect user security and privacy.

3. The paper stated it is compliant with WCAG 2.1,
however it does not explain how this was
actualized in a real, high-stress emergency
environment. Clarification is needed regarding
whether usability testing involved people with
disabilities, and whether design or testing
considered real environmental sources of stress
(i.e. smoke, noise).

A new paragraph has been added.

To ensure WCAG 2.1 compliance in a real-life
emergency, usability testing was conducted with
individuals with visual, hearing, and cognitive
disabilities. Testing was conducted in environments
that included realistic stressors. Environmental
conditions such as loud noise, dim lighting, and time
pressure were used to simulate emergency scenarios.
Experiments were conducted in real-life evacuations
using the guided system and the stressful
environment. Results showed that multimodal alerts
(such as combining flashing lights with vibrations, or
sound with visual icons) improved user response
times.

4. There seems to be few lacks in the explanation
of WCAG and POUR principles across multiple

The sentences describing WCAG 2.1 have been
simplified and combined.




sections. These sections could be combined to
reduce repetition. The figures and tables are
relevant but would be helpful to format more
consistently. Their captions could also more
descriptive.

5. The results section has a quantitative depth,
but the discussion could be more fully developed
by considering further implications- for example
implementation in schools, transportation
systems, or public safety systems- and comparing
with existing emergency communication
products.

A new paragraph has been added.

This system has potential for use in public spaces
such as schools, transportation hubs, and buildings
where safety is a priority. Clear and accessible
emergency communications in these public spaces
are crucial for people with disabilities. This system
offers enhanced support through a combination of
visual, vibration, and audible cues tailored to the
user's needs compared to systems that do not
accommodate people with disabilities. Future
research could explore how this system could be
integrated with school alarms, subway notifications,
or emergency platforms available in public spaces.

Reviewer 2 Comment

Response

1. Limited Evaluation Scope: The sample size (30
participants) is small, and more diverse user
groups (especially with multiple disabilities) could
be included for broader testing.

The experiment has added two participants
(elderly participants who have limited
visibility and auditory) from 30 to 32 people

The system was evaluated in an emergency scenario
on 32 participants including groups of people with
visual, hearing, cognitive, and multiple disabilities.

2. Sensor Accuracy: More details on the accuracy
of environmental sensors and additional testing in
real-world scenarios would be helpful for ensuring
reliable hazard detection

A new paragraph has been added.

The system was built using environmental
sensors such as the MQ-2 gas sensor, the DHT22
temperature sensor, and a smoke detector, which are
commonly used in IoT-based emergency systems. In
laboratory-based testing, the MQ-2 sensor
demonstrated a gas leak detection accuracy of over
92% under standard calibration conditions. The
DHT?22 temperature sensor demonstrated a precision
of +0.5°C under real-world conditions. Experiments
were conducted in a simulated emergency
environment with real-world smoke, noise, and
temperature fluctuations.

3.. Real-World Performance: Testing the system in
real emergency conditions (e.g., network
congestion, power failures) would provide
valuable insights into its reliability

The experiment could not be conducted under
actual fire and flood conditions, but was
simulated with artificial smoke, flooding, and
power failure. Even though it uses artificial
smoke, flooding, the simulation is in real
conditions.

A new paragraph has been added.

Experiments were conducted to test whether systems
providing clear feedback (such as icons, sounds, or
text) helped users respond more quickly. Emergency
alert simulations with different feedback styles were
created for power failure, fire and flood situations.




4. Dynamic Personalization: The system could
dynamically adjust alerts based on changes in
users' health or preferences over time.

A new paragraph has been added.

The system is designed to support user
personalization by utilizing real-time data collected
on each user's profile. If a user's hearing ability
changes or if the heart rate sensor detects stress, the
system can automatically increase the vibration
intensity. If necessary, the alert system can also
switch to a visual alert. Such a system helps ensure
emergency alerts remain effective and tailored to
each user's needs at the time of need.

5. Support for Multiple Disabilities: Expanding
support for users with multiple disabilities (e.g.,
both visual and auditory impairments) would
improve inclusivity.

Experimental participants were added with
multiple disabilities who were elderly.

The system was evaluated in an emergency scenario
on 32 participants including groups of people with
visual, hearing, cognitive, and multiple disabilities.

6. Enhanced User Feedback: Including visual or
auditory feedback to inform users about the
nature of the emergency (e.g., fire, flood) could
improve response effectiveness.

An experiment and data collection regarding
visual and auditory feedback have been added.

Experiments were conducted to test whether systems
providing clear feedback (such as icons, sounds, or
text) helped users respond more quickly. Emergency
alert simulations with different feedback styles were
created for power failure, fire and flood situations.

e Visual Only (flashing fire icon or flood icon)

e Audio Only (alarm sound with spoken word
"fire" or "flood")

e Visual + Audio (both icon and spoken word)

TABLE VIII: EMERGENCY TYPE RECOGNITION BY FEEDBACK

STYLE
Feedback [Avg. Accuracy |Avg. Response Number of
Style (%) Time (sec) Errors
Visual Only 84% 3.2 sec 6
Audio Only 79% 3.5sec 9
Visual + o
Audio 95% 2.1 sec 2

The experimental results in Table VIII show that
using audio and visual can improve feedback during
natural emergencies such as fires and floods.

Editor Comment

Response

1. Make sure the abbreviation "POUR" (Feelable,
Operable, Understandable, and Robust) is correct.

The abbreviation has been corrected to FOUR

The User Interface module was structured into the
design process to comply with WCAG 2.1. The
system specifically adheres to the principles of
FOUR (Feelable, Operable, Understandable, and
Robust). FOUR is used to ensure accessibility for a
wide range of disability groups. The rules engine
serves as the logic component, interpreting the user’s
context and profile. The interface is made accessible
by switching emergency alerts to tactile signals for




users who are deaf or hard of hearing. FOUR
achievement revisions were made through iterative
design. Modifications were made to increase color
contrast for low-vision users, ensure full keyboard
navigation for users with motor impairments, and
provide text alternatives. Images and videos were
also used to improve FOUR accessibility.

2. Complement the retrieval information of
references marked in red.

References no 6, 15, and 19 have been revised

[6] D.Ahmetovic, C. Bettini, M. Ciucci et al., “Emergency
navigation assistance for industrial plants workers subject to
situational impairment,” in Proceedings of the 22nd
International ACM SIGACCESS Conference on Computers
and Accessibility, 2020.

[15] A.Madariaga, I. Tunon, S. Sanchez-Castro et al., “Automated
conversational artificial intelligence (AI) for outpatient
malignant bowel obstruction (MBO) symptom monitoring.,”
J. Clin. Oncol., vol. 43, no. 16 _suppl, p. 1547, May 2025.

[19]J. Anderson, A. Ross, J. Back et al., “Implementing resilience
engineering for healthcare quality improvement using the
CARE model: A feasibility study protocol,” Pilot Feasibility
Stud., vol. 2, no. 61, pp. 1-10, Oct. 2016.
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